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Abstract. Strong verbs in Middle High German (MHG) have two past indicative 
stems in the verb inflectional paradigm, which merged into one in Modern High 
German (NHG). This change is mostly assumed as paradigmatic leveling in previous 
studies. However, the NHG past indicative stems are inherited from different cells in 
the MHG paradigm across different inflectional classes, or even innovatively created 
by combining different parts of the MHG past indicative stems. This paper attempts 
to identify the base of leveling using a computational model called Minimal 
Generalization Learner, proposed in Albright (2002b). The results can account for 
the extraordinary patterns of merger found in German to some extent, but they are 
not perfect and even pose new problems. As a counter-proposal, I argue that the 
merger that appears to be paradigmatic leveling might be triggered by reanalysis of 
phonological features as morphological exponents. 
Keywords. Middle High German; analogy; historical linguistics; morphological 
change; inflectional paradigm; corpus linguistics 
1. Analogical changes from Middle High German to Modern High German.  The paradig-
matic changes in the development from Middle High German (MHG) to Modern High German 
(NHG) are particularly interesting for morphological studies. In traditional MHG grammar, most 
verbs belong to either strong verbs or weak verbs, though there are also unproductive irregular 
groups with only few members. Segment alternation (conventionally termed Ablaut, Umlaut and 
Grammatischer Wechsel) and suffixation are the main ways to build tense-modal stems in strong 
classes, whereas in weak classes, tense-modal stems are built mostly by suffixation. In the devel-
opment from MHG to NHG, unusual patterns of analogical change are attested. In MHG, 
inflectional paradigms of strong verbs are built out of six different stems at maximum: (a) the 
present singular stem, shared by indicative present singular forms and the imperative 2
nd
 singular;




stem, shared by the indicative past 1
st
 singular and the 3
rd
 singular; (d) the past plural stem,
shared by indicative past plural forms; (e) the past subjunctive stem, shared by the indicative past 
2
nd
 singular and all subjunctive past forms; (f) the past participle stem, only used by the past par-
ticiple.
1
 These stems can be distinguished not only by the stem vowel (Ablaut or Umlaut) but
also by the stem-final consonant (Grammatischer Wechsel). In NHG, on the other hand, the 
stems of all past indicative forms merged into a single one. The directions of the merger of stem 
vowel as well as stem-final consonant, as shown below, are remarkably complex. 
1.1. THE MERGER OF STEM VOWEL ALTERNATION FOR PAST INDICATIVE STEMS FROM MHG TO




 stem and the past
plural stem, a pattern inherited from the distinction between Proto-Indo-European (PIE) o-grade 
*
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1
 The difference in stem-vowel between the past subjunctive stem and other past stems results from Umlaut, which, 
according to Wiese (1996), should be considered lexical phonological rather than morphological in NHG. However, 
since the vowels of the personal endings, which had triggered the sound change in verb stems, were weakened into 
/ə/ in MHG and no longer synchronically identifiable, this paper considers all these stem forms to be morphological-
ly conditioned and thus equally takes them as candidates for the base form in the whole paradigm. 
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past singular stem and zero-grade past plural stem. Classes VI and VII have different origins in 
PIE, and correspondingly, the past indicative forms in these classes share the same stem from the 





past plural stems (i.e. Classes I - V), the distinction in stem vowel is lost in NHG, partially trig-
gered by regular sound change in some Strong Classes and partially by morphological change in 
others. In cases where morphological changes occurred, we can see different directions of 
changes happened across different Strong Classes or even across different lexical items within 




past.1.sg past.1.pl. past.part. past.1.sg. past.1.pl. past.part. 
VI /ɡruob/
2
 /ɡruobən/ /ɡəɡrabən/ /ɡruːb/ /ɡruːbən/ /ɡəɡraːbən/ “dug” 
VII
3
 /hielt/ /hieltən/ /ɡəhaltən/  /hiːlt/ /hiːlt-ən/ /ɡəhaltən/ “held”






 stem and the past plural stem are originally the same in MHG for Strong Classes
VI and VII. Therefore, though regular sound changes occurred in the stem vowel (i.e. the mon-
ophthongization of MHG /uo/, /ie/ to NHG /uː/, /iː/, see Paul 1929:24), the morphological 




past.1.sg past.1.pl. past.part. past.1.sg. past.1.pl. past.part. 
IV /nam/ /naːmən/ /ɡənomən/ /naːm/ /naːmən/ /ɡənomən/ “took” 




 singular stem and the past plural stems caused by
regular sound change 
Vowel lengthening started in some areas at a period as early as Old High German (OHG), and it 
spread through the whole High-German-speaking region by the time of NHG. It mostly occurred 
under three conditions: (1) in open syllables; (2) before /r/ + dental clusters; (3) in monosyllabic 
words ending with nasals or liquids (Mettke 1967:69-70; Paul 1929:21-22). MHG Strong Class 
IV verbs happen to be characterized by having nasals or liquids as stem-final consonants. As a 




 stems (e.g. /nam/) fulfill the third condition and are there-
fore lengthened. This, then, is a merger triggered by sound change. 
However, analogical changes are attested in some exceptional cases. For example, the past 
indicative stem of /ʃerən/ “to shear” is /ʃor-/, whose stem vowel is the same as the stem vowel of 
past participle and believed to result from the preceding /ʃ/ sound (Mettke 1967:194). But /ʃerən/ 
has become weak and no longer belongs to Strong Class IV in NHG.
5
2
 Stem-final voiced stops are devoiced at word-final position in both MHG and NHG, i.e. /ɡruob/, /ɡruːb/ are pro-
nounced as [ɡruop], [ɡruːp]. But the phonologically conditioned final devoicing rule is irrelevant to our study and 
not represented in the phonemic transcription. 
3
 Though there are six subclasses in Strong Class VII, the stem vowels in their past stems are the same. They are 
thus collapsed into one row in the table. For details about the subclasses see Mettke 1967:198-200, Paul 1929:112, 
Boor & Wisniewski 1984:127-128. 
4
 In MHG, the past subjunctive stem is phonologically predictable from the past plural stem through Umlaut (Paul 
1929:107-108), and in NHG, it can be phonologically derived from the past stem. Therefore, the past subjunctive 
stem is mostly omitted in tables where inflectional paradigms of MHG or NHG are shown. 
5
 Strictly speaking, two individual processes of leveling are involved in the development of /ʃerən/ from MHG to 
NHG. The MHG past indicative stems are first leveled by the past participle in terms of stem vowel. Then its inflec-
tional paradigm is completely rebuilt from its present stem based on derivational rules of NHG weak verbs, since it 
has become a weak verb in NHG. 
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Class 
MHG  NHG 
gloss 
past.1.sg past.1.pl. past.part.  past.1.sg. past.1.pl. past.part. 






V /ɡab/ /ɡaːbən/ /ɡəɡebən/ /ɡaːb/ /ɡaːbən/ /ɡəɡeːbən/ “gave” 




 singular stem by the past plural stem
The past indicative stem in NHG Strong Class I is built based on the MHG past plural stem, 
whose stem vowel has undergone lengthening when in open syllables, cf. MHG /stiɡən/ “we 





stems */staɪk/ and */leːh/ were replaced. 




 stem does not result
from regular sound change but analogy, because the stem vowels in forms like [ɡab] do not stand 
in open syllables, nor are they followed by nasals or liquids, since MHG Strong Class V verbs 
are characteristic for not having nasals or liquids as stem-final consonants. On the other hand, 
lengthening that is triggered by other paradigm cells is attested not only among verbs but also 
among nouns, e.g. MHG /taɡəs/ (pl.) ~ /taɡ/ (sg.) “day” > NHG /taːɡə/ ~ /taːɡ/, where the stem 
vowel in the plural form stands in an open syllable and is thus lengthened. The lengthened vowel 





past.1.sg past.1.pl. past.part. past.1.sg. past.1.pl. past.part. 
IIIa /band/ /bundən/ /ɡəbundən/ /band/ /bandən/ /ɡəbundən/ “bound” 
IIIb /ɡalt/ /ɡultən/ /ɡəɡoltən/  /ɡalt/ /ɡaltən/ /ɡəɡoltən/ “applied” 





In NHG, the /u/ in past plural stems has been replaced by /a/ in past singular forms, so that 
all past indicative forms share the same stem with /a/ across most lexical items in Strong Class 
III. The only exception is /vɛrdən/ ‘to become’. The distinction between the past singular form
/vard/ “I became” and the past plural form /vurdən/ “we became” is retained, and an innovative 




past.1.sg past.1.pl. past.part. past.1.sg. past.1.pl. past.part. 
IIa /bouɡ/ /buɡən/ /ɡəboɡən/ /boːɡ/ /boːɡən/ /ɡəboːɡən/ ‘bent’ 
IIb /boːt/ /butən/ /ɡəbotən/ /boːt/ /boːtən/ /ɡəboːtən/ ‘offered’ 
Table 5. Class II: Replacement of indicative past stems by the past participle stem 





 stem nor the past plural stem, but introduced from the MHG past participle
6
 Synchronically in MHG, /h/ is pronounced as [h] (termed Hauchlaut in German) in syllable onset but as [x] 
(termed Reibelaut in German) in syllable-final position (Mettke 1967:34, Paul 1929:52, Boor & Wisniewski 
1984:27). Like the final devoicing rule, the phonologically conditioned change is irrelevant and not represented in 
the phonemic transcriptions. 
7
 The MHG /h/ dropped in NHG because of regular sound change but is still represented in NHG orthography (Paul 
1929:28). 
8
 Mettke (1967:195) states that the stem vowel of NHG Strong Class V indicative past stems can be either long or 




  Similar to Strong Class I, the vowel quantity depends on the quantity of the following
consonant and the corresponding syllabification: it is lengthened when the stem vowel of the 





 singular forms (Mettke 1967:189; for a full list of comparison between long /o/ and
short /o/ in past and past participle stems, see Blatz 1895:499). 
There are few individual words that originated in MHG Strong Class II but have special 
stem vocalism in their present stem in NHG, such as /lyːgən/ “to tell lies”, /zauɡən/ “to suck”, 
but the stem vowels in their past indicative and part participle forms are the same as other Strong 
Class II words. 
1.2. THE MERGER OF STEM-FINAL CONSONANT ALTERNATION FOR PAST INDICATIVE STEMS FROM
MHG TO NHG. Some MHG Strong Classes also show patterns of stem-final consonant alterna-
tion in inflectional paradigms, which are inherited from PG and termed Grammatischer Wechsel 
(Mettke 1967:105-109, Paul 1929:59-61, Boor & Wisniewski 1984:33-35). 
pattern inf. past.1.sg. past.1.pl. past.part. gloss 
/f/ ~ /b/ /heffən/
10
/huob/ /huobən/ /ɡəhabən/ “to lift” 
/d/ ~ /t/ /sniːdən/ /sneid/ /snitən/ /ɡəsnitən/ “to cut” 
/h/ ~ /ɡ/ /ʦiehən/ /ʦoːh/ /ʦuɡən/ /ɡəʦoɡən/ “to pull” 
/s/ ~ /r/ /wesən/ /was/ /waːrən/ /ɡəwesən/ “to be” 
Table 6. Patterns of Grammatischer Wechsel in MHG verb inflection paradigm 
Similar to stem vowel alternations, the Grammatischer Wechsel patterns are eliminated in some 
lexical items, though preserved in others. Interestingly, the direction of elimination of Gramma-
tischer Wechsel occurring in some lexical items of Strong Class I and V might not match the 




past.1.sg. past.1.pl. past.1.sg. past.1.pl. 
Ib /ʦeːh/ /ʦiɡən/ /ʦiː/ /ʦiːən/
11
“accused” 
V /las/ /laːrən/ /laːs/ /laːsən/
12
“read” 
Table 7. Comparison between MHG past finite forms and NHG finite forms in Classes Ib and V 
The NHG past forms in Strong Classes Ib and V are created based on the stem vowel of the 




 singular stem, instead
of being directly inherited from either of them. 
2. An assumption of paradigmatic leveling.  The paradigmatic change described above is tradi-
tionally understood as leveling, which is a morphological change where morphophonemic 
alternations within paradigms are completely or partially given up (Hock 1991:168). Under this 
assumption, the case of German raises a question about how the direction of leveling is deter-
9




 stem vowel in MHG Strong Class IIb is /oː/, which happens to be identi-
cal with the lengthened outcome of the past participle stem vowel. However, when the Strong Class II is considered 
as a whole, it is still safe to assume that the NHG indicative past stem vowel in Strong Class II originated from the 




 stem of a subclass. 
10
 The elimination of Grammatischer Wechsel pattern between /f/ and /b/ can be dated from the time of OHG. In 
MHG, the stem-final consonant of the past plural stem has spread to the past singular stem, and the archaic infinitive 
form /heffən/ competes with the innovative /hebən/ (Mettke 1967:108, Paul 1929:60). 
11
 The stem-final /h/ spread to all past stems and then dropped because of regular sound change. 
12
 /s/ becomes voiced [z] between vowels. 
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mined, i.e. which is the base form that will replace other alternative forms. Scholars have strug-
gled for decades to solve the problem. For instance, Tiersma (1984) proposes that the base for 
leveling might be determined by the markedness of paradigm cells, which is indicated by relative 
frequencies of cells. On the other hand, according to Albright (2002a, 2002b), the predictiveness 
of a single surface form over other forms in the paradigm can play a crucial role in determining 
the base of leveling, under the assumption that speakers should use the most predictive surface 
form as the base for deriving the rest of the paradigm in language acquisition. The theory is 
worth discussing in detail because it provides a quantitative method of explaining the multiple 
directions of leveling in the history of German, which is computationally implementable and 
theoretically falsifiable. With MHG data fed into Albright’s model, if the prediction is consistent 
with the attested outcomes of leveling, we could reasonably conclude that the problem of multi-
ple directions of leveling might be satisfactorily solved within the framework of Albright’s 
model. 
2.1. BASIC IDEAS UNDERLYING ALBRIGHT’S MODEL ABOUT PARADIGMATIC LEVELING. There are 
two underlying hypotheses in Albright’s proposal about the organization of paradigm: (1) the 
form in the paradigm selected by learners is not only single but also a surface form, and the se-
lection is valid for all lexical items, termed global; (2) the selection of base is based on its 
informativeness, which means the surface form that allows the preservation of most contrasts and 
permits accurate predictions to most forms of most lexical items will be most likely chosen as the 
base (Albright 2002b:129). In terms of diachronic change, this organization of paradigms indi-
cates that the remainder of forms in the paradigm might be rebuilt from the global base by 
analogical changes, but the global base itself would not be leveled by other forms in the para-
digm. 
Apart from the global base, Albright also proposed, as a refinement, the concepts of subpar-
adigm and local base to establish a more sophisticated paradigm structure, in order to better 
explain cases in which certain cells in a paradigm enjoy high mutual predictiveness but relatively 
low predictability by the remaining cells in the paradigm. In this structure, cells with high mutual 
predictiveness constitute a subparadigm and are not directly derived from the global base but 
rather from the local base in the subparadigm, which is either derived from the global base or 
lexically stored. In other words, the local base serves as a medium associating the global base 
and forms in a subparadigm. The structure permits leveling from the global base to the whole 
subparadigm including the local base and leveling from the local base to the rest of the subpara-
digm, but excludes the possibility that some forms in a subparadigm might be derived from the 
global base while others might be derived from the local base (Albright 2002b:118-120). The 
relationship among global base, local base and non-base cells can be schematized as in Figure 1: 
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Figure 1. The organization of a paradigm with local base and subparadigm structure proposed in 
Albright (2002b) (local or global bases are in white, and non-base cells are in gray) 
In his later work, Albright (2008) also admits the role that token frequency of forms could 
play in determining the global base and explores the interaction between frequency and form 
predictiveness. If the difference in frequency is so large that the potential neutralization might 
not lead to a serious decrease in the accuracy of prediction, a less predictive form could be pre-
ferred over another form that preserves more contrasts and thus selected as the base (Albright 
2008:28-31). 
2.2. QUANTITATIVE METHODS OF EVALUATING CELL PREDICTIVENESS. 
2.2.1 MINIMAL GENERALIZATION. Albright proposed a model called Minimal Generalization 
Learner to quantify a form’s predictiveness to another in the paradigm and identify the global 
base in this way (Albright & Hayes 2002, Albright 2002b), and executable scripts based on the 
algorithm are available at http://www.mit.edu/~albright/mgl/. To evaluate the predictiveness of 
paradigm cells, the model is first fed with training data consisting of a set of lexical items, from 
whose inflectional paradigm one surface form is extracted as input and another as output. The 
model makes comparisons between the input and the output for each lexical item, identifying 
which segments they have in common and which segments they don’t, and then writes a rule that 
describes the change from the input to the output for each pair, including the structural change 
(i.e. the parts the input and the output don’t have in common) and the (phonological) contexts 
that condition the change (i.e. the parts both the input and the output share). As more word-
specific rules become available, rules with the same structure change are collapsed by generaliz-
ing their phonological contexts in terms of phonological features. The procedure is called 
minimal generalization, and the results are a set of generalized rules on the phonological con-
texts of each structure change attested in the training data. 
2.2.2 EVALUATING GENERALIZED RULES WITH CONFIDENCE SCORE. The model of Minimal Gen-
eralization Learner adopts the algorithm suggested in Mikheev (1997) to propose confidence 
score, a quantitative measurement for evaluating generalized rules. For each generalized rule, its 
estimated proportion of success p̂ is first calculated through the formula: 
?̂? =  
𝑥
𝑛
where x is the number of outcomes the rule correctly predicts, n is the number of input forms to 
which the rule is applicable. 
While p̂ is a good indicator of the rule’s accuracy, it fails to reflect its “ambitiousness”: with 
p̂ remaining equal, the more forms a rule is applicable to, the more preferable it should be. 
Therefore, p̂ is assumed to be a sample from t-distribution with its degrees of freedom equaling 
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n-1, so that the problem can be tackled by calculating the lower confidence limit πL. It indicates 
the lowest possible value for p̂ given a level of confidence. First, p̂ is adjusted to avoid zeros in 
positive (p̂) or negative (1-p̂) outcome probabilities: 








?̂?∗ × (1 − ?̂?∗)
𝑛
where α is the level of confidence and df (= n-1) is degrees of freedom. The coefficient of the t-
distribution t
df    
(1-α)/2 can be found in t-distribution tables or calculated by software using α and df. 
We use an α of 0.75 in the test. 
Since higher values for πL favor rules that can generate a larger portion of correct outcomes 
and rules that are applicable to larger size of the data simultaneously, πL is an ideal criterion for 
rule selection, and it is called the confidence score. 
2.2.3 CRITERIA FOR EVALUATING PREDICTIVENESS OF A PARADIGM CELL. In Albright (2002b:43-
45), four criteria based on the confidence score are used for measuring the predictiveness of a 
candidate cell to other cells in the paradigm: 
(1) ACCURACY: Accuracy evaluates a candidate’s ability to reproduce the training data. For 
each input form in the training data, the model looks for generalized rules that are applicable to 
the form, and selects the one with the highest confidence score to check if it is able to derive the 
output correctly. Accuracy for each projecting direction is the ratio of the correctly derived out-
comes to the sum of inputs for which there is at least one applicable generalized rule in this 
direction 
(2) MEAN CONFIDENCE OF RULES: Mean confidence of rules reflects whether rules construct-
ed around a candidate are generally more preferable. It is the mean of confidence scores of all 
rules in a direction, whether they are winners or not. 
(3) MEAN CONFIDENCE OF WINNING OUTPUTS: Mean confidence of winning outputs measures 
how confidently rules around a candidate form produce their outcomes. For each input form in 
the training data, the model looks for the rule that has the highest confidence score if there are 
any forms applicable to the input and marks it as a winning rule. Mean confidence of winning 
outputs equals the mean of the winning rules’ confidence scores. 
(4) AVERAGE WINNING MARGIN: Average winning margin indicates an input’s ambiguous-
ness by calculating the distance between the highest confidence score and the second highest one 
among all applicable rules. Average winning margin is the mean of distances between the two 
confidence scores across all inputs. 
2.3. MATERIALS. Corpus data were collected from Referenzkorpus Mittelhochdeutsch (1050-
1350) (Klein et al. 2016), from which all verb tokens (including finite verbs, infinitives, partici-
ples, etc.) in two dialects (Alemannic and Upper German) were extracted. The lemmata come not 
only from the Strong Classes but also from Weak Classes and unproductive classes like the Ir-
regular Class. 
Dialect Lemmata Tokens 
Alemannic 995 39735 
Upper German 878 28468 
Table 8. Numbers of tokens and lemmata in the data for each dialect 
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For each token, person endings were manually removed to obtain its stem, and to cope with vari-
ations, only the forms with highest token frequency for each lemma and each stem were chosen 
to constitute the training data. The MHG paradigm consisted of six cells (the present singular 




 singular stem, the past plural stem, the past subjunctive
stem and the past participle stem), and since a set of training data selects one form in the para-
digm as input and another as output, there are 30 sets of training data in total.  
2.4. RESULTS. 
2.4.1 THE ALEMANNIC DATA. Since the scripts did not provide confidence score values for gen-
eralized rules other than the winning ones, information about mean confidence of rules could not 
be obtained. The results for the other three criteria based on the Alemannic data are shown in 
Figure 2.  
Figure 2. Heat map showing values for accuracy, mean confidence of winning outputs and aver-
age winning margin of each mapping direction in MHG paradigm respectively found in the 
Alemannic data 
In Figure 2, darker color indicates higher values. On the one hand, the results for all three 
criteria are similar, in that mapping directions that have high values for any one of those criteria 
usually enjoy high values for others. On the other hand, it is not easy to identify a cell in the par-
adigm that is predictive of other cells in general, i.e. the single global base. On the contrary, 
relatively high mutual predictiveness can be found between several cells, e.g. the infinitive stem 
and the present singular stems, the past plural stem and the past subjunctive stem, etc.. Albright’s 
assumption of subparadigm structure might be helpful for determining the global base and the 
organization of the whole paradigm. The values for accuracy in each mapping direction within 
the paradigm are presented in what follows. 
Output/Input Pres.Sg. Inf. Past.1/3.Sg. Past.Pl. Past.Subj. Past.Part. 
Past.Part. 0.406 0.472 0.46 0.48 0.457 
Past.Subj. 0.352 0.396 0.441 0.602 0.479 
Past.Pl. 0.402 0.39 0.525 0.597 0.443 
Past.1/3.Sg. 0.353 0.453 0.572 0.46 0.5 
Inf. 0.626 0.5 0.48 0.471 0.597 
Pres.Sg. 0.582 0.43 0.435 0.382 0.477 
Table 9. Values for accuracy of each mapping direction in MHG paradigm respectively found in 
the Alemannic data (values decisive for identifying local or global bases are in bold) 
The columns represent the cells from which the remainder of the paradigm are derived (i.e. the 
input cell), and the rows stand for the target cells derived from other cells (i.e. the output cell). In 
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general, the past plural stem is the most predictive cell in general, in that the past participle stem, 




 singular stem can be derived most accurately from
the past plural stem (see the values in bold). Nevertheless, the present singular stem and the in-
finitive stem cannot be reliably derived from the past plural stem as others are, but they have 
high mutual predictiveness. It can therefore be assumed that the infinitive stem and the present 
singular stem constitute a subparadigm, in which the infinitive serves as the local base and is 
derived from the past participle stem, a cell outside the subparadigm that enjoys the highest accu-
racy in predicting cells in the subparadigm. To conclude, the organization of Alemannic verb 
inflectional paradigm can be summarized as in Figure 3. 
Figure 3. The hypothetic organization of Alemannic verb inflectional paradigm based on the 
Alemannic data (local or global bases are in white, and non-base cells are in gray) 
The paradigm organization deduced from the Alemannic data indicates that when leveling 




 singular stem, the past subjunctive stem and the past participle stem
that should be replaced by the past plural stem, while the past plural stem would not be affected 
by leveling because it is the global base in the paradigm. This is contradictory to the attested fact 
in the history of German, e.g., the MHG past plural /bundən/ “we bound”, /ɡultən/ “we applied” 




 stem in NHG, let alone cases like NHG past indicative /ʦiː/ “I
accused”, /laːs/ “I read”, which are innovatively built from the stem vowel of past plural stem 




 singular stem in MHG.
2.4.2 THE UPPER GERMAN DATA. 
The results based on the Upper German data are presented in Figure 4. 
Figure 4. Heat map showing values for accuracy, mean confidence of winning outputs and aver-
age winning margin of each mapping direction in MHG paradigm respectively found in the 
Upper German data 
Again, on the one hand, the results for all three criteria are consistent with each other in Fig-
ure 4. On the other hand, the global base for the Upper German data cannot be easily determined 
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based on the Upper German results. Therefore, we use the accuracy values to identify the local 
bases and the global base under the assumption of subparadigms. 
Output/Input Pres.Sg. Inf. Past.1/3.Sg. Past.Pl. Past.Subj. Past.Part. 
Past.Part. 0.431 0.449 0.479 0.446 0.39 
Past.Subj. 0.32 0.414 0.446 0.532 0.392 
Past.Pl. 0.359 0.431 0.524 0.689 0.512 
Past.1/3.Sg. 0.391 0.456 0.538 0.451 0.534 
Inf. 0.592 0.511 0.496 0.503 0.567 
Pres.Sg. 0.529 0.411 0.372 0.341 0.455 
Table 10. Values for accuracy of each mapping direction in MHG paradigm respectively found 
in the Upper German data 
Similar to the Alemannic data, it is reasonable to assume a subparadigm in which the present 
singular stem and the infinitive are involved. However, a single global base in the Albrightian 
sense can’t be identified, because there is not a single cell that has the highest predictiveness to 




 singular stem is most predictive to the past partici-




 singular and past subjunctive, and the past
subjunctive is most predictive to the past plural. If a subparadigm structure were to be estab-
lished, most cells in the paradigm would have to be local bases, with hardly any cells remaining 
as non-base ones, and the structure itself would lose most of its explanatory power. Therefore, 
the best conclusion we can draw from the Upper German data should be that the results might 
not be compellingly accounted for by the paradigm organization assumed in Albright’s model at 
all. 
2.5. CAN FREQUENCY PLAY A ROLE? Many approaches towards the identification of the base for 
leveling argue that token frequency can play a crucial role. Albright (2008) provides evidence of 
interaction between cell predictiveness and token frequency in determining the base for leveling. 
Tiersma (1982) also claims that markedness, which is empirically related to frequency, should be 
the main factor in determining the direction of leveling, in that the more marked (i.e. the less 
frequent) form is usually replaced by the unmarked one. However, in comparison to Albright’s 
model, Tiersma (1982) argues that lexical items in a given category do not necessarily have the 
same base of leveling, depending on their differences in semantics and practical usage of lan-
guage, which is termed as local markedness. For example, if the referent of a noun is a place, the 
locative case of the noun is likely to be unmarked and serve as a base for deriving the paradigm; 
if its referent is a tool or an instrument, the unmarked form in its paradigm might be the instru-
mental case.  
Frequency effects can be attested in the paradigmatic change from MHG to NHG to a cer-
tain extent. 




 Sg. Past.Pl. Past.Subj. Past.Part.
Irregular 3940 2215 786 187 115 290 
Preterit-
Present 
1589 844 434 154 79 0 
Strong I 172 373 247 62 21 268 
Strong II 185 228 201 30 10 189 
Strong III 677 825 970 189 132 231 
Strong IV 697 631 1427 208 101 402 
Strong V 940 935 1923 455 477 490 
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Strong VI 200 296 318 99 42 201 
Strong VII 518 543 577 169 69 270 
Weak 3479 3896 1985 595 160 1989 
Table 11. Token frequencies of each stem across all verb classes in the Alemannic data (39735 
tokens in total) 




 Sg. Past.Pl. Past.Subj. Past.Part.
Irregular 2507 1696 663 188 144 273 
Preterit-
Present 
802 574 375 128 100 0 
Strong I 122 214 225 70 25 139 
Strong II 93 130 181 33 28 115 
Strong III 391 629 862 161 119 216 
Strong IV 383 382 897 145 101 320 
Strong V 695 626 1582 343 378 263 
Strong VI 133 162 272 61 38 134 
Strong VII 301 365 411 91 53 244 
Weak 2544 2568 1695 544 182 1352 
Table 12. Token frequencies of each stem across all verb classes in the Upper German data 
(28468 tokens in total) 




 singular stem is usually the most frequent among the non-
present stems, and the past participle stem is the second most frequent, with few exceptions (e.g. 




 singular stem in Alemannic Strong
Class I, the past plural and the past subjunctive stems are more frequent than the past participle 
stem in Upper German Strong Class V). Considering the conclusion drawn in the previous sec-
tion, that the past plural stem is the most predictive one in the paradigm and could serve as the 





or the past plural stem might reasonably be the base of leveling among non-present stems. 
Nevertheless, new problems occur: the fact that the MHG past stems in Strong Class II were 
replaced by the past participle stem in NHG still remains unexplained, since the past participle 




 singular stem nor more predictive than the past
plural stem. Besides, the explanation fails to account for why it was Class I that selected the 
more predictive stem as the base and it was Class III that selected the more frequent one. It 
should be equally reasonable that they had chosen the other one as the base. 
2.6. PROBLEMS OF THE ASSUMPTION OF PARADIGMATIC LEVELING. The assumption of leveling 
within the theoretical framework of the Albrightian model does help us understand the mecha-
nism of the paradigmatic change from MHG to NHG. However, some details in the paradigmatic 
change from MHG to NHG are not compatible with the fundamental framework of the Albright-
ian model. As mentioned above, the elimination patterns of stem vowel alternation and stem-
final consonant alternation in MHG past indicative forms do not always have the same base, and 
innovative forms created by combining the stem vowel of one stem and the stem-final consonant 
of another can be found. This challenges Albright’s underlying assumption of one single surface 
base: instead of treating them as individual changes and identifying their bases respectively, the 
algorithm of the Minimal Generalization Learner should treat the stem vowel and the stem-final 
consonant as a whole, where structural change happens (Albright 2002b:38). Therefore, the gen-
eralized rules should offer predictions of the outcomes’ stem vowels and stem-final consonants 
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at the same time, and the single global base identified by the model should thus be predictive of 
both the stem vowel and stem-final consonant. 
3. An alternative: Reanalysis of phonological features.  Interestingly, comparison between the
attested NHG forms and the expected descendants in NHG based on regular sound change shows 
some regularity in the paradigmatic change. We first classify Strong Classes into four groups 
based on stem vocalism.
13





.sg. Past.pl. Past.part. 
MHG /i/ - /e/ /a/ /aː/ /e/ 
expected NHG /i/ - /e/ */a/ /aː/ /e/ 
attested NHG /i/ - /e/ /aː/ /aː/ /e/ 






MHG /i/ - /e/ /a/ /aː/ /o/ 
expected NHG /i/ - /e/ /aː/ /aː/ /o/ or /oː/ 
attested NHG /i/ - /e/ /aː/ /aː/ /o/ or /oː/ 







MHG /i/ /a/ /u/ /u/ 
expected NHG /i/ /a/ */u/ /u/ 
attested NHG /i/ /a/ /a/ /u/ 
Class IIIb 
MHG /i/ - /e/ /a/ /u/ /o/ 
expected NHG /i/ - /e/ /a/ */u/ /o/ 
attested NHG /i/ - /e/ /a/ /a/ /o/ 
Table 15. Comparison of stem vocalism between MHG and NHG in Strong Class III 
If we focus exclusively on vowel quality, we can find that in NHG, present tense and past tense 
are associated with particular stem vowels in finite forms. On the one hand, present forms mostly 
carry /i/ or /e/ (both are non-low vowels) in its present forms. On the other hand, past finite forms 
are systematically related to /a/, a low vowel, while the MHG /u/, a non-low vowel, was driven 
out of the paradigm. Again, past participles are marked with non-low vocalism (i.e. /e/, /o/, /u/). 
It can be assumed that the loss of /u/ in MHG past plural stems might not be motivated by pure 
analogy, but a reinterpretation of phonological features as morphemes, so that the distinctions 
between the present and the past indicative stems, the past indicative and the past participle 
stems are simplified as the presence or absence of the phonological feature [low]. 





.sg. Past.pl. Past.part. 
Class Ia 
MHG /iː/ /ei/ /i/ /i/ 
expected NHG /aɪ/ */aɪ/ /i/ or /iː/ /i/ or /iː/ 
attested NHG /aɪ/ /i/ or /iː/ /i/ or /iː/ /i/ or /iː/ 
Class Ib 
MHG /iː/ /eː/ /i/ /i/ 
expected NHG /aɪ/ */eː/ /iː/ /iː/ 
13
 The classification is developed from Weinhold (1967:351-352), though essentially different. 
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attested NHG /aɪ/ /iː/ /iː/ /iː/ 







MHG /yː/ - /iː/ /ou/ /u/ /o/ 
expected NHG */ɔʏ/ - /iː/ */aʊ/ */u/ or */uː/ /o/ or /oː/ 
attested NHG /iː/ /o/ or /oː/ /o/ or /oː/ /o/ or /oː/ 
Class IIb 
MHG /y/ - /iː/ /oː/ /u/ /o/ 
expected NHG */ɔʏ/ - /iː/ /oː/ */u/ or */uː/ /o/ or /oː/ 
attested NHG /iː/ /o/ or /oː/ /o/ or /oː/ /o/ or /oː/ 
Table 17. Comparison of stem vocalism between MHG and NHG in Strong Class II 
The paradigmatic changes attested in Strong Classes I and II can also be explained in terms of 
phonological features. First of all, all diphthongs (i.e. /ei/, /ou/) as stem vowel were leveled. It 
can be found that in NHG diphthongs can never be the stem vowel of a past or past participle 
form in any one of the Strong Classes. Also, the past indicative and past participle stems in these 
classes share the same stem vowel and are differentiated from the present stem by vowel height. 
In Strong Class I, the past indicative and past participle forms have a high vowel /i/ as stem vow-
el, while the present stem contains a non-high vowel /a/ (as part of the diphthong). The stem that 
is leveled has /eː/, which is non-high and consistent with the present stem rather than other past 
and past participle stems. In Strong Class II, it is the present stem that carries a high vowel, 
whereas the past indicative and the past participle stems do not in NHG. The vowel that is re-
placed in past stems is /u/, which has the [high] feature as the vowel of present stem does. 
To summarize, the outcome of the paradigmatic change from MHG to NHG in Strong Clas-
ses I and II is that diphthongs do not occur as stem vowel in past forms, and the stem vowel of 
either the present stem or the past indicative and past participle stems has the feature [high]. 





.sg. Past.pl. Past.part. 
Class VII 
MHG /a/ - /ɛ/ /ie/ /ie/ /a/ 
expected NHG /a/ - /ɛ/ /iː/ /iː/ /a/ 
attested NHG /a/ - /ɛ/ /iː/ /iː/ /a/ 
MHG /aː/ - /ɛː/ /ie/ /ie/ /aː/ 
expected NHG /aː/ - /ɛː/ /iː/ /iː/ /aː/ 
attested NHG /aː/ - /ɛː/ /iː/ /iː/ /aː/ 
MHG /ei/ /ie/ /ie/ /ei/ 
expected NHG /aɪ/ /iː/ /iː/ /aɪ/ 
attested NHG /aɪ/ /iː/ /iː/ /aɪ/ 
MHG /ou/ - /øu/ /ie/ /ie/ /ou/ 
expected NHG /aʊ/ - /ɔɪ/ /iː/ /iː/ /aʊ/ 
attested NHG /aʊ/ - /ɔɪ/ /iː/ /iː/ /aʊ/ 
MHG /oː/ - /øː/ /ie/ /ie/ /oː/ 
expected NHG /oː/ - /øː/ /iː/ /iː/ /oː/ 
attested NHG /oː/ - /øː/ /iː/ /iː/ /oː/ 
MHG /uo/ - /ye/ /ie/ /ie/ /uo/ 
expected NHG /uː/ - */yː/ /iː/ /iː/ /uː/ 
attested NHG /uː/ /iː/ /iː/ /uː/ 






.sg. Past.pl. Past.part. 
MHG /a/ - /ɛ/ /uo/ /uo/ /a/ 
expected NHG /a/ - /ɛ/ /u/ /u/ /a/ 
attested NHG /a/ - /ɛ/ /u/ /u/ /a/ 
Table 19. Comparison of stem vocalism between MHG and NHG in Strong Class VI 
Strong Class VI is considered to belong to a-Class Strong verbs in Weinhold (1967), but it ap-
pears there are more similarities between Strong Class VI and VII. On the one hand, no 
paradigmatic change happened among past forms in Strong Classes VI and VII. On the other 
hand, the phonological patterns found in both classes are similar: the stem vowels of the past 
indicative forms are all high, and most of the present forms and the past participle form share the 
same vocalism. These characteristics distinguish Strong Classes VI and VII from other Strong 
Classes. 
3.4. SUMMARY. The tendency towards phonological homogeneity of stem vowel found in the 
paradigmatic change of Strong Classes from MHG to NHG can be summarized in Table 20, and 
we name each group after the vocalism of the past stem: 
group Class in tradi-
tional grammar 
present past past participle 
Low V, IV, III [i] - [e] [low] [- low] 





High VI, VII α [high] α 
Table 20. Phonological features reanalyzed as morphological exponents for cells of NHG Strong 
Classes verb inflection paradigm (the same Greek letter for cells means that those cells have the 
same vowel or the same values for a phonological feature;
15
 features that triggered analogical
change from MHG to NHG are in bold) 
Compared to traditional description of NHG grammar, the table above gives a much more sim-
plified picture of what has been changed from MHG to NHG in Strong Class verb inflection 
paradigm. For example, it indicates that in group Low, past indicative stems that have non-low 
vowels were replaced with those having low vowels, and in group Contrastive, past indicative 
stem vowels with the same values for [high] feature as present stem vowels were eliminated as 
well. This approach regards changes in vowel alternation patterns of German strong verb classes 
as independent of the leveling of stem-final consonant (Grammatischer Wechsel) and change in 
stem vowel quantity (as attested in Strong Classes IV and V), and therefore makes the creation of 
NHG stems by combining the stem vowel of one MHG stem and the stem-final consonant of 
another theoretically possible. By assuming phonological features as the decisive factor in para-
digmatic change, this explanation does not need to select any cell in the paradigm as a base for 
leveling. We don’t even need to assume the change to be caused by leveling at all. Though not 
thoroughly elaborated, the explanation based on phonological features seems to be simpler and 
14
 Diphthongs and monophthongs are not usually distinguished by typical phonological features, [diphthong] is used 
here for convenience. 
15
 For instance, when the present has [α high] and the past has [β high], it means either the present or the past has [+ 
high], whereas the other has [- high]; when the past has γ and the past participle also has γ, it means the stem vowels 
are the same across the two cells. 
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more persuasive in accounting for the multiple directionality attested in the paradigmatic change 
from MHG to NHG than predictiveness-based or frequency-based explanations. 
4. Conclusion.  Though the paradigmatic change from MHG to NHG appears to be a process of
leveling, the solution provided by the Minimal Generalization Learner in the framework of Al-
bright (2002b), albeit possible, is problematic. By contrast, upon closer examination of the data, 
the assumption that the change was triggered by the reanalysis of certain phonological features as 
morphemes might be more promising and have more explanatory power. 
References 
Albright, Adam. 2002a. Base selection in analogical change in Yiddish. In Julie Larson & Mary 
Paster (eds.), Proceedings of the Twenty-eighth Annual Meeting of the Berkeley
Linguistics Society. 1–13. Berkeley: Berkeley Linguistics Society.
https://doi.org/10.3765/bls.v28i1.3814. 
Albright, Adam. 2002b. The identification of bases in morphological paradigms. Los Angeles: 
University of California PhD dissertation. 
Albright, Adam. 2008. Explaining universal tendencies and language particulars in analogical 
change. In Jeff Good (ed.), Linguistic universals and language change. Oxford, UK: 
Oxford University Press. 
Albright, Adam & Bruce Hayes. 2002. Modeling English past tense intuitions with Minimal 
Generalization. Proceedings of the {ACL}-02 Workshop on Morphological and Phonological 
Learning, 58–69. Association for Computational Linguistics.
https://doi.org/10.3115/1118647.1118654.
Blatz, Friedrich. 1895. Neuhochdeutsche Grammatik: Erster Band. Einleitung. Lautlehre. 
Wortlehre. 3rd ed. Karlsruhe: J. Lang’s Verlagsbuchhandlung und Buchdruckerei.
Boor, Helmut de & Roswitha Wisniewski. 1984. Mittelhochdeutsche Grammatik. 9th ed. Berlin:
Walter de Gruyter. 
Braune, Wilhelm. 2012. Althochdeutsche Grammatik. 2nd ed. München: LINCOM GmbH. 
Hill, Eugen. 2013. Einführung in die historische Sprachwissenschaft des Deutschen. Darmstadt: 
Wissenschaftliche Buchgesellschaft. 
Hock, Hans H. 1991. Principles of historical linguistics. 2nd ed. Berlin: Mouton de Gruyter.
Klein, Thomas, Klaus-Peter Wegera, Stefanie Dipper, & Claudia Wich-Reif. 2016. Referenz-
korpus Mittelhochdeutsch (1050-1350), Version 1.0. https://www.linguistics.ruhr-uni-
bochum.de/rem/ 
Mettke, Heinz. 1967. Mittelhochdeutsche Grammatik: Laut- und Formenlehre. 2
nd
 ed. Halle
(Saale): Veb Max Niemeyer Verlag. 
Mikheev, Andrei. 1997. Automatic rule induction for unknown-word guessing. Computational 
Linguistics 23(3). 405-423. 
Paul, Hermann. 1929. Mittelhochdeutsche Grammatik. 12
th
 ed. Halle (Saale): Max Niemeyer
Verlag. 
Tiersma, Peter M. 1982. Local and general markedness. Language 58(4). 832-849. 
https://doi.org/10.2307/413959. 
Weinhold, Karl. 1967. Mittelhochdeutsche Grammatik. 2
nd
 ed. Paderborn: Ferdinand Schöningh. 
Wiese, Richard. 1996. Phonological versus morphological rules: on German Umlaut and Ablaut. 
Journal of Linguistics 32(1). 113-135. https://doi.org/10.1017/S0022226700000785. 
187
